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EXECUTIVE SUMMARY

The Union Lake Feasibility Study (FS) is one of three FS reports

being prepared for the Vineland Chemical Company (ViChem) work
assignment. The FSs include:

o The ViChem plant site proper;

Q The River Areas, consisting of the Blackwater ‘Branch
(the receiving stream from the ViChem plant) and the

Maurice River from its confluence with the Blackwater
Branch to Union Lake; and

o) Union Lake, an 870-acre impoundment on the Maurice
River.

Three Remedial Investigation (RI) reports are being prepared and
submitted to the USEPA for the ViChem work assignment as follows:

o The ViChem plant site proper;

o) The River Areas, consisting of the Blackwater Branch,
the Maurice River from its confluence with the Black-
water Branch to Union Lake, and the Maurice River below
Union Lake to the Delaware Bay; and

o} Union Lake.

The purpose of the Union Lake FS was to develop, screen, and
evaluate potential remedial alternatives to address sediment
contamination found to cause increased health risks or
environmental impacts. This report was prepared in accordance
with the USEPA's March 1988 Draft Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA.

The ViChem site is ranked among the top ten hazardous waste
sites in New Jersey and is ranked number 42 on the National
Priorities List. ViChem has manufactured organic arsenical
herbicides and fungicides at this plant since 1949. The 54-acre
facility is 1located in the northwest corner of the city of
Vineland in Cumberland County, New Jersey. The plant is
situated in a partly residential and partly industrial area.

The Blackwater Branch flows past the ViChem plant and receives
groundwater discharge from it. From the plant, the Blackwater
Branch flows approximately 1.5 miles before its confluence with
the Maurice River. The Maurice River flows into Union Lake
approximately 8.5 miles downstream from this confluence. The

Maurice River flows into the Delaware Bay approximately 25 miles
- downstream from Union Lake.

9495b
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Detailed information on the past use, storage, and disposal of
all process materials at the plant is not available. It is
known, however, that waste salts (listed hazardous waste K 031)
containing arsenic were piled outdoors, and that precipitation
contacting the piles flushed arsenic into the groundwater.
Also, the plant previously discharged untreated process water
into lagoons, and the water was allowed to percolate into the
groundwater. The  contaminated groundwater subsequently
discharged into the Blackwater Branch and was distributed
downstream in the Maurice River drainage system.

Previous investigations have shown elevated arsenic concentra-
tions in surface waters and sediments as far as 26.5 river miles
downstream from the plant in the Maurice River. It was suspected
that a serious groundwater contamination problem existed at the
plant.

In the Uniorn Lake RI it was determined that arsenic was the main
contaminant of concern. Pertinent findings from the RI are as
follows: :

o Arsenic was found to be the main contaminant of concern.
The sediment and water in Union Lake both had elevated
arsenic concentrations. The mean arsenic concentration
in the sediment was 74 mg/kg. Upstream of the ViChem
plant site, arsenic was undetected in the sediments.
The mean total arsenic concentration in the lake water
was 56 ug/l. This is slightly above the Federal
Primary Drinking Water Standard for arsenic of
50 ug/l. Arsenic was undetected in the surface water
upstream from the ViChem plant.

o] Arsenic was detected in some fish samples at low
concentrations (1 mg/kg). Low concentrations (less
than 1 mg/kg) of PCBs were also detected in some fish
samples. PCBs were not analyzed in the water and
sediments of the lake. They were analyzed upstream
from the lake, but were found only sporadically at low
concentrations.

o) The arsenic distribution in the sediments was very
heterogeneous. Samples taken in ¢lose proximity to one
another varied greatly in arsenic concentration. While
the data base within the 1lake was limited, in other
areas in the basin arsenic correlated positively with
increased organic content and increased fine size
fraction content.

o) Background studies performed by other investigators
showed that arsenic bound very strongly to the organics
'in sediments. A maximum of 50% was leachable even under
strongly acidic conditions. The estimated partition
coefficient between arsenic on the organic sediments
and water was a maximum of 1,100.

E-2
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Since Union Lake is part of a dynamic system, the fate and
transport of arsenic within the watershed as a whole was
pertinent to this FS. Findings from the other RI reports that
relate to this FS are as follows:

o) In the Plant Site RI, it was shown that groundwater
discharge off the plant site was the main source of
arsenic into the watershed. An estimated 6 metric tons
of arsenic per year were being discharged into the
Blackwater Branch from the plant site in 1987. The
previous rate of release was probably much higher. The
groundwater discharge flows into the Blackwater Branch;
it does not flow beneath it.

0 The Blackwater Branch and the upper Maurice River above
Union Lake basically behave as conduits for arsenic
transport. That is, they presently transport arsenic
released from the site into Union Lake. Because of
this, it was estimated that if the source of arsenic
were eliminated (e.g., if a groundwater remediation
program were initiated at the ViChem site to prohibit
contaminated groundwater from entering the Blackwater
Branch), then the river water arsenic concentration
should drop relatively quickly.

o] Union Lake has been 3 large receptor of the arsenic
released from the site. Of the estimated 500 metric
tons of arsenic released over time, an estimated 150
metric tons are now bound to Union Lake's sediments.

o] It could not be determined what controlled the arsenic
concentration in Union Lake's water. On one hand, the
arsenic concentrations coming in, within, and going out

of the lake were approximately the same. On the other

hand, the lake's water and sediment were apparently at
equilibrium, based on the mean arsenic concentration in
the water and sediments and the partition coefficient.
Therefore, the controlling mechanism for the lake's
water arsenic content, the incoming water or desorption
from the sediments, could not be determined. The
significance of this was that if the source of arsenic
into the basin were eliminated, it could not be
definitively stated that the lake's arsenic
concentration would also be reduced. Almost certainly
it would be reduced, but how much and how quickly could
not be determined.

The risk assessment presented in the RI considered a number of
exposure pathways to the 1lake's water, sediment, and fish.
Exposure scenarios were calculated considering recreational
usage of the 1lake, since it is a popular recreational area.
Risks were calculated on a "most plausible" and a "worst case"
basis to provide a range of estimates. Risks were calculated

9495b




. for a range of conditions; 1lake full, lake drawn down for dam

spillway reconstruction, and lake drawn down because of
drought. Pertinent findings of the risk assessment were as
follows:

0 Very 1little increased risk resulted from lake draw-
down. Risks during the period of drawdown considered
were in the range of 1 x 108, or one predicted
incident of cancer per one hundred million persons
exposed.

o Slightly increased risks were calculated for accidental
water ingestion. The most plausible risks were approxi-
mately 6 x 10-6 (six incidents of cancer per one mil-
lion persons exposed), while the worst case risks were
approximately 4 x 10-3 (four incidents of cancer per
one hundred thousand persons exposed).

0 Increased risks from fish ingestion were calculated.
The majority of the risks were from the low levels of
PCBs found in the fish (within USDA dietary standards).
The PCBs are not believed to be related to the ViChem
site. The calculated arsenic risks from fish ingestion
were probably overestimated since the form of arsenic
in fish is believed to be relatively nontoxic.

o] Accidental sediment ingestion during recreation risks
were 6 x 10-6 (six incidents of cancer per one mil-
lion persons exposed) by the most plausible pathway,
and 7 x 10-4 (seven incidents of cancer per ten
thousand persons exposed) by the worst case pathway.
This pathway was considered valid only for sediments in

very shallow water, less than two and one half feet
deep.

o) To account for arsenic heterogeneity in the lake sedi-
ments and possible hot spots, acceptable sediment
arsenic concentrations were back calculated from the
most plausible exposure pathways. A sediment arsenic

1 x 1075 (one incident of cancer per one hundred
thousand persons €xposed). These sediments would be

under very shallow water, less than two and one half
feet deep.

A remedial action objective was established to address the
contamination in the 1lake. Since the Source of lake water
contamination (the incoming water or desorption from the 1lake
sediment) could not be determined, and because of the impracti-
cality of treating the approximate 2.7 billion gallons of water
in the lake discharging at a median rate of 325 cfs, remedial
alternatives for the 1lake water were not considered. Also,
since there was some question regarding the actual fish

9495b
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ingestion risks, remedial objectives for this problem were also
not considered. Therefore, a remedial action objective was
established for the contaminated sediments as follows:

o Minimize public access, either through containment,
removal, or institutional controls, to areas with
unacceptably high sediment arsenic concentrations.

The FS established the following remedial strategy to achieve
the remedial action objective:

o) In the most accessible  areas of the lake (the public
beach and the tennis and sailing club) all sediments
underlying a water depth of less than five feet with an
arsenic concentration of 20 mg/kg or greater would be
remediated.

0 In the residential areas of the lake along the eastern
shoreline, all sediments underlying a water depth of
less than two and one-half feet with an arsenic
concentration of 20 mg/kg or greater would bhe
remediated. Thereafter, the remediation would be
extended to remove sediments with an arsenic
concentration above 20 mg/kg within 150 feet of the
shoreline, up to a five foot water depth.

o] For the remaining areas of the lake, where activities
that promote sediment ingestion are 1less likely to be
engaged in, the action level would be 120 mg/kg.
Remediation would be conducted to a two and one-half
foot water depth at a minimum. Thereafter, the
remediation would be extended to remove sediments with
an arsenic concentration above 120 mg/kg within 150
feet of the shoreline, up to a five foot water depth.

The target Ccleanup level corresponds to a cancer risk of
2 x10-% in the more accessible areas of the lake, and
1 x 10-5 in the 1less accessible areas of the 1lake using the
most plausible exposure pathway models.

The lake is now drawn down to facilitate dam reconstruction. It
is expected that construction will be complete and that the 1lake
will be refilled by June of 1990. Because of the likely timing
of remedial actions at the site, with upstream actions being
taken prior to downstream actions, it is unlikely that any
remedial action in the lake could be taken until afte® the lake
has been refilled. However, NJDEP owns and operates the 1lake
and could either postpone refilling the lake until the remedia-
tion is complete or refill the lake after the dam reconstruction
and draw it back down at the initiation of the remedial action.
The remedial alternatives are therefore examined considering the
lake to be at its full condition and at drawdown. '
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Several interpretations of the site conditions by USEPA
Headquarters Site Policy and Guidance Branch personnel affected
this FS:

1) Lake sediments contaminated with arsenic are themselves
the listed hazardous waste K 031. This is based on the
belief that the lake sediments were contaminated with
arsenic from the listed hazardous waste K 031 produced
on the ViChem site. If excavated, these sediments have
to be treated and delisted prior to disposal as non-
hazardous materials.

2) If disposal is off-site, delisting would involve a
petition-to the NJDEP. A substantive portion of this
petition requires the treated sediments to have an
arsenic concentration of less than 0.32 mg/l in the
extract from an EP Toxicity Test. This concentration
is stipulated by the VHS model, which is a substantive
delisting tool. _

3) If the treated sediments are disposed of on-site, a
delisting petition to the NJDEP would not be required.
The USEPA's Region 1II Regional Administrator could
decide that nonhazardous disposal is appropriate on the

basis of the treated sediments meeting the substantive

delisting requirement, which in this case 1is the
0.32 mg/1 arsenic level in an EP Toxicity extract from
the treated sediments.

4) If the treated sediments cannot pass the EP Toxicity
Test criterion of 0.32 mg/l arsenic, but have an EP
Toxicity Test concentration of 1 mg/1l arsenic or less,
they cannot be disposed of as nonhazardous material,
but could be disposed of as hazardous material in a
RCRA Subtitle C landfill. The 1 mg/l criteria was
termed a "treatability variance" for the sediment.

5) If the treated sediments do not pass the EP Toxicity
Test criterion of 1 mg/1 arsenic, they cannot be
disposed of at all in any type of landfill facility
(the "land ban"). A different treatment technology or
remedial technology would have to be selected.

6) The lake areas are considered part of the site, since
they are within the "area of contamination" from the
site. The areas adjacent to the lake are not con-
sidered part of the site. This means that an "on-site"
landfill cannot be constructed adjacent to the 1lake,
but must be located on the ViChem plant property.

Two bench-scale treatability tests were performed tb meet the

sediment cleanup objective: chemical fixation and chemical
extraction. Based on the treatability studies, other
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information gathered in the RI, and other information from
vendors, it 1is expected that the fixation could Chemically
stabilize or physically bind the arsenic to the sediments such
that leachable arsenic concentrations would be 1less than
0.32 mgs/1 (as established by the VHS model, the substantive
delisting tool). It is also expected that the fixated product
would have an unconfined compressive strength of 1,500 pounds
per square foot (PSF). By meeting these criteria, the fixated
product would be expected to be delistable and could be disposed

of in a nonhazardous waste landfill. The extraction test

determined that arsenic could be removed from the sediments such
that the extracted sediments had an arsenic concentration of
34 mg/kg. Based on results of EP Toxicity Tests conducted on
untreated sediments and other information gathered in the RI, it
was expected that the extracted sediment would have 1leachable
arsenic concentrations less than 0.32 mg/1l. Thus it could be
disposed of in a nonhazardous landfill. The extractant could be
treated to meet MCLs and could be discharged back to the lake.
The sludge generated from the extraction process would be
transported off-site to a RCRA treatment and disposal facility.
Since both treatment technologies were successful in the tests,
both were considered in the FS.

A number of general response actions and technologies were
considered to achieve the remedial action objective. The
general response actions include no action, containment,
treatment, and removal.

Technologies to meet the general response actions were
identified. Technologies for the no action response include
monitoring, restricted use, and public awareness. Containment
technologies include capping the sediments with sand, clay, and
manmade 1liners. Removal and treatment technologies include
removing the sediments, extracting or fixation of the removed
sediments, and in situ treatment methods.

These technologies were screened to eliminate‘technologies that
are (1) unproven, (2) would not meet the remedial action
objective, and (3) would be difficult to implement due to the
nature of the site and/or the nature of the contaminants.

The technologies that passed this screening were then combined
to form overall remedial action alternatives in accordance with
the NCP Section 300.68(f). The remedial alternatives considered
for addressing the contamination were:

- SQURCE CONTROI.
o Alternative 1: No Action
o Alternative 2A: Removal/Fixation/Off-Site
Nonhazardous Landfill
E-7
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o] Alternative 2B: Removal/Fixation/On-Site
Nonhazardous Landfill

0 Alternative 2C: Removal/Fixation/Lake Deposition

0 Alternative 3A: Removal/Extraction/Sediments to Off-
Site Nonhazardous Landfill/Off-Site
Hazardous Sludge Disposal

0 Alternative 3B: Removal/Extraction/Sediment to On-
Site Nonhazardous Landfill/Off-Site
Hazardous Sludge Disposal

o) Alternative 3C: Removal/Extraction/Lake Deposition
of Sediments/Off-Site Hazardous
Sludge Disposal

o] Alternative 3D: Removal/Extraction/Plant Site Deposi-
tion of Sediments/Off-Site Hazardous
Sludge Disposal

o Alternative 4A: Removal/Off-Site RCRA Disposal
o] Alternative 4B: Removal/On-Site RCRA Disposal
o) Alternative 5;: In Situ Sand Cover

Removal of the sediments was common to all of the alternatives
except Alternative 1, No Action, and Alternative S, In Situ Sand
Cover. If remediation is conducted when the lake is at its full
condition, hydraulic dredging would be implemented to remove the
submerged contaminated sediments. If remediation is conducted
when the lake is at drawdown, the exposed contaminated sediments
would be removed utilizing dry excavation techniques.

Alternatives 2a, 2B, 2C, 3A, 3B, 3C, and 3D differed from one
another in the type of sediment treatment (fixation or
extraction) and in the disposal options for the treated
sediments (off-site in an existing nonhazardous landfill,
on-site in a newly constructed nonhazardous landfill built for
the treated sediments only, lake deposition of the treated
sediments or plant site deposition of the treated sediments).
Alternatives 4A and 4B differed from the others in that the
removed sediments would not be treated and would be disposed of
in an existing off-site or in a newly constructed on-site RCRA
Subtitle C landfill facility. Alternative 5 differed from the
others in that the sediments would not be removed or treéated.
The in situ sand layer would provide containment of the
contaminated sediments.

An initial screening of these alternatives was performed based
on three criteria: effectiveness, implementability, and cost.
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The alternatives were screened against these criteria, and were
compared one against another to find the most promising alter-
natives to take into detailed evaluation.

Factors considered to determine an alternative's effectiveness
were 1ts ability to protect the public health and the environ-
ment, and its ability to reduce the mobility, toxicity, or the
volume of the contamination. Factors considered to determine an
alternative's implementability included its overall feasibility
of implementation, its established or estimated reliability, and
the availability of necessary equipment and services. Cost
screening at this initial stage was performed on an order-of-
magnitude basis, with only those alternatives that exceeded
another's cost by an order of magnitude being eliminated on the
basis of cost.

Alternative 1, No Action, was retained for evaluation because it
serves as the base case against which the other alternatives
were compared. Alternatives 2A, 2B, 3A, 3B, 3C, and 3D all met
the remedial action objective, were considered implementable,
and did not vary by an order of magnitude in costs. These were
all retained for further detailed evaluation, Alternative 2C
was not considered implementable. Fixation would immobilize the
arsenic; no reduction in toxicity of the arsenic would be
realized. If the fixated material 1leached appreciable amounts
of arsenic to the lake, there is no feasible method to monitor
or recover the deposited material. Therefore Alternative 2C was
eliminated from further evaluation. Alternatives 4A and 4B were
eliminated from further evaluation because they would not meet
the forthcoming land disposal restrictions and would not provide
for a permanent remedy.

The alternatives that passed the initial screening were then
further evaluated in detail with respect to the nine criteria
stipulated in CERCLA as amended, OSWER Directive No. 93SS.0-19
and the statutory factors described in OSWER Directive No.
93S8s-21. The nine «criteria are: short-term effectiveness;
long-term effectiveness; reduction of toxicity, mobility or
volume of contamination; implementability; cost; compliance with
ARARsS; overall protection of human health and the environment;
state acceptance; and community acceptance. A summary of the
detailed evaluation of the alternatives that passed the initial
screening is discussed below.

SOURCE CONTROL

Alternative 1, No Action, provides the baseline against which
the other responses can be compared. There would be no
substantial remediation activities involved; therefore there
would be no reduction in potential environmental contamination.
Public access to the lake would be reduced by sign posting and
educational programs. This would not meet the statutory
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requirements of reducing the toxicity, mobility, or volume of
contaminants. This alternative is easy to implement, but would
not attain ARARs.

All of the .alternatives except Alternative 1, No Action, and
Alternative 5, In Situ Sand Covering, consider remediation to be
conducted when the lake is at its full condition, requiring the
implementation of hydraulic dredging, and when the lake is at
drawdown, requiring the use of dry excavation. Removal of ‘the
submerged sediment by dredging would not generate fugitive dust
emissions, which is potentially associated with dry excavation
of the exposed sediments, thus having minimal impacts to the

. surrounding communities. However, dredging would potentially

Cause resuspension of the contaminated sediments, resulting 1in
the formation of a contaminant plume. Dry excavation would have
fewer associated adverse environmental impacts, including
minimal disturbance to any wetland a